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Abstract 
Growth in healthcare needs challenges providers to reduce operational costs and is expected to increase construction and renovation 
of healthcare facilities. Meanwhile, concerns regarding the environmental impacts of hospitals have made the healthcare sector one 
of the most prominent settings for the green building movement. Despite these environmental concerns, the number of studies that 
document the benefits of sustainable healthcare facilities is limited. In this study, the authors used national cost report data from 
the Centers for Medicare and Medicaid Services and developed a benchmarking tool for comparing the operation and maintenance 
costs of healthcare facilities with their peers. The authors then used longitudinal data and compared the annual operation and 
maintenance cost of 32 Leadership in Energy and Environmental Design (LEED) hospitals to the median cost of non-LEED 
facilities of comparable type, ownership, and location. Analysis failed to provide any evidence that achieving more LEED credits 
or LEED certiﬁcation in general lowers operation and maintenance costs of healthcare facilities. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering 
and Construction 2015. 
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1. Introduction 
Improving economic conditions, an aging population, and coverage expansions are expected to increase 
healthcare needs. In response, experts forecast that between 2016 and 2019, the U.S. will spend about $200 billion on 
healthcare construction to replace or renovate aging facilities from the 1970s [1]. While healthcare construction and 
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renovation is expected to grow, concerns regarding the negative environmental impacts of hospitals have been rising. 
Several efforts have been made to develop new paradigms for creating a generation of high-performance and 
sustainable healthcare environments, among which, Leadership in Energy and Environmental Design (LEED), 
developed by the United States Green Building Council (USGBC), is one of the most common approaches in the 
United States. However, despite the rapid increase in the awareness and commitment of public and private sectors to 
the green building movement in healthcare, minimal justification regarding a wide range of benefits that green 
facilities may offer exists for the healthcare sector.  
The first purpose of this study was to develop a tool to help senior managers and facility design and operation 
professionals compare the operation and maintenance costs of their facilities to others in order to assess the adequacy 
and effectiveness of their facility management practices for using increasingly scarce capital dollars. The second 
purpose of this study was to empirically compare a sample of LEED-certified hospitals with their regional non-LEED 
counterparts in terms of facility operation and maintenance costs. The main hypothesis is that LEED facilities have 
lower-than-average operation and maintenance costs when compared with non-LEED facilities. 
2. Background 
In the United States green building market, with 815 projects, LEED is the leading program for rating the design, 
construction, and operation of green healthcare buildings. Prior to the release of LEED for Healthcare (HC) in 2009, 
as a part of the LEED v3 product suite, 564 healthcare projects had received LEED certification [2], mostly using 
LEED for New Construction (NC). As of November 2015, the USGBC Directory of LEED projects shows that 251 
projects have either received or applied to LEED HC certification [3].  
In general, LEED projects may earn credits from five categories: sustainable site (SS), water efficiency (WE), 
energy and atmosphere (EA), materials and resources (MR), and indoor environmental quality (IEQ). Additionally, 
under the innovation and design process category, projects can achieve credits for exceptional performance or by 
showing innovation in design. After an independent, third-party verification, depending on the number of credits 
achieved, projects might receive Certified, Silver, Gold, or Platinum designation [4].  
Providing long-term financial and ecological benefits by promoting energy, water, and material efficiencies has 
been one of the major goals of green buildings, along with creating a healthy and productive indoor environment for 
occupants. As for financial outcomes, several LEED credits have direct and indirect impacts on the operation and 
maintenance costs of facilities. Maximizing open space may increase the cost of landscaping but at the same time 
moderate the heat island effect [5] that might increase cooling load and air conditioning costs [6]. Increasing energy 
efficiency, using on-site renewable energy, and decreasing water consumption reduces water and electricity bills [7]. 
Likewise, the introduction of daylight into regularly occupied spaces will further reduce power demand from electric 
lights [8]. On the other hand, increased mechanical ventilation (providing additional outdoor air ventilation to improve 
indoor air quality) may raise energy consumption [9]. Lastly, measurement and verification during operation ensures 
timely detection of deficiencies in building systems [5], while commissioning before the operation phase ensures that 
design objectives and performance targets are met [10]. 
Several studies have investigated the cost effectiveness of investing in LEED certification and have also compared 
LEED with non-LEED projects. In one of the earliest cost-effectiveness studies, Kats et al. [11], in 2003,  performed 
a comprehensive study of 33 LEED-rated office and school projects and found that the total financial benefits of green 
buildings were over ten times the average initial investment. They also showed that energy savings alone can exceed 
the average increased cost associated with building green. Likewise, in a 2004 feasibility analysis of LEED-Silver 
certification for two municipal facilities, Tso et al. [12] concluded that LEED-Silver certification requirements yielded 
significant energy efficiency and occupant productivity benefits, and the estimated benefit-cost ratios for these two 
projects were 1.19 and 1.72 when examined for a period of 25 years with a discount rate of 5%. 
Although cost-effectiveness studies support investments in LEED certification, studies have found mixed results 
when the performance of LEED facilities and non-LEED facilities is compared. A postǦoccupancy analysis of 51 
LEED projects representing a variety of building activities in Illinois found that as far as annual energy use intensity 
is considered, many Illinois LEED projects perform better than conventional commercial interiors and buildings [13]. 
Likewise, a study of 552 LEED facilities by Turner and Frankel [14] reported a 24% lower energy use intensity than 
their national counterparts. Moreover, a recent study of eight LEED facilities of Arizona State University by Chokor 
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et al. [15] reported that LEED facilities consume less energy than their regional counterparts. Contrary to these two 
studies, a study by Scofield [16] of 953 New York City office buildings, 21 of which had LEED certification, found 
that LEED and non-LEED office buildings had the same energy consumption and greenhouse gas emission levels. 
Likewise, in a study of 11 LEED facilities, Turner [17] found that only two of them performed better than the average 
commercial stock. Moreover, a study of 11 U.S. Navy LEED facilities by Menassa et al. [18] found that only 3 of 11 
buildings showed energy-efﬁciency gains over non-certified buildings of comparable size, usage, and location. 
Finally, in one of the few healthcare studies, Matthiessen et al. [19] compared nine LEED-certified ambulatory care 
hospitals with eight non-LEED ambulatory care projects and found that LEED facilities do not cluster in the upper 
range of cost per square foot when compared with non-green facilities.  
In summary, although implementing green building solutions included in LEED rating systems is expected to 
reduce facility operation costs, a number of studies exist in the literature whose analyses do not support premises 
regarding improved performance of LEED facilities when compared to non-LEED projects.  
3. Methods 
The authors developed an online web-based application tool using the Shiny library in R-Studio [20] to help 
compare the operation and maintenance costs of healthcare facilities with their peers. The peer group (comparison 
group) included facilities of comparable type, ownership, and location. The type of facility influences patient 
characteristics and services the hospital provides and covers seven types: (1) short-term acute care hospitals, (2) 
children’s hospitals, (3) critical access hospitals, (4) long-term care hospitals, (5) psychiatric hospitals, (6) 
rehabilitation hospitals, and (7) other. Hospital ownership impacts missions and managerial practices and covers three 
categories: (1) hospitals owned or controlled by a state or local government; (2) hospitals owned or controlled by 
nonprofit organizations; and (3) hospitals owned or controlled by for-profit hospitals. Finally, the location (state) of 
facilities impacts climatic conditions, governmental regulations, union strength, supply costs, and wage rate 
differences. The authors used the web-based application to compare the costs of a sample of LEED healthcare facilities 
with facilities of comparable type, ownership, and location.  
3.1. Data 
All data were obtained from publicly available sources. The list of LEED-certified projects, along with the 
certification information and facility address, was extracted from the USGBC LEED project directory [3]. Only 
projects that had LEED certification for the whole facility were included in the analysis. Cost data for this study were 
obtained from the Healthcare Cost Report Information System (HCRIS) by the CMS [21]. Data for more than 5,000 
hospitals were obtained (for 2014, only data for about 3,200 hospitals were available at the time of this study) in a 
relational database format. Operation and maintenance costs in HCRIS cover the following:  
- Operation of the plant includes expenses incurred in operating the facility as a whole, such as but not limited to 
utilities and the internal hospital environment, including air conditioning (both heating and cooling systems and 
ventilation) and other mechanical systems. 
- Maintenance and repair costs cover any activity to maintain the utility systems (e.g., heat, light, water, air 
conditioning, and air treatment) and grounds (e.g., landscaping, routine painting, plumbing, electrical repairs, 
mowing, and snow removal). Costs of similar services purchased from an outside organization are included. 
3.2. Analysis 
The authors used the facility titles and addresses to find common records between the CMS database and the LEED 
directory of certified projects. Annual costs were divided by total patient days per year to account for differences in 
occupancy rates across hospitals. The comparison included longitudinal data from the year in which certification had 
been achieved by each facility up to the year 2014. All costs were adjusted to year 2014 U.S. dollars using the 
consumer price indices reported by the U.S. Department of Labor, Bureau of Labor Statistics. After removing extreme 
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outliers for each year, the authors compared the annual cost (per patient-day) of each LEED facility with the median 
cost of the comparison group (a group of non-LEED facilities of similar types, ownership, and location). To perform 
this comparison, the authors used Equation 1 and calculated the performance difference of the LEED facility from the 
comparison group in percentage:  
 
 =  ୡ୭ୱ୲୭୤୐୉୉ୈ୤ୟୡ୧୪୧୲୷ି୫ୣୢ୧ୟ୬ୡ୭ୱ୲୭୤୲୦ୣୡ୭୫୮ୟ୰୧ୱ୭୬୥୰୭୳୮୫ୣୢ୧ୟ୬ୡ୭ୱ୲୭୤୲୦ୣୡ୭୫୮ୟ୰୧ୱ୭୬୥୰୭୳୮                                        (1) 
 
Moreover, to understand where LEED facilities stand relative to the non-LEED facilities of the comparison group, 
the percentile rank of facilities was calculated using Equation 2: 
 
Pൌ୬୳୫ୠୣ୰୭୤ୡୟୱୣୱ୵୧୲୦୲୦ୣୱୟ୫ୣ୭୰୪୭୵ୣ୰୴ୟ୪୳ୣ୲୭୲ୟ୪୬୳୫ୠୣ୰୭୤୰ୣୡ୭୰ୢୱ ൈ ͳͲͲ (2) 
 
A negative value for percentage difference and a percentile rank below 50% indicate a good performance.  
4. Results 
4.1. Web-Based Benchmarking Tool 
The web-based benchmarking application can be found at https://hessamss.shinyapps.io/gb_benchmark. The 
application contains data for more than 5,000 hospitals around the U.S. that report to the CMS. Users can enter the 
CMS provider number of any facility and find its annual operation and maintenance costs per patient-day, its 
percentage difference from the comparison group median cost, and its percentile rank. The user can adjust the 
characteristics of the comparison group by indicating the type, ownership, and location of facilities to be included in 
the comparison. A breakdown (count and percentage) of facilities in the comparison group is provided in both tabular 
and visual formats. To ensure the reproducibility of this research and to help other researchers verify its findings and 
build upon them, a list of LEED facilities, their certification information, their CMS provider number, and a link to 
projects’ profiles on the USGBC website are provided as well.  
4.2. Performance of LEED Facilities 
The authors found 32 LEED hospitals in the HCRIS data files. Figure 1 shows the breakdown of LEED facilities 
by type, ownership, certification level, and certification type. The majority of hospitals were short-term acute care 
(75%) and nonprofit (72%). In terms of LEED certification, the majority of facilities had Gold certification (50%) and 















Fig. 1. Breakdown of study sample by (a) facility type; (b) facility ownership; (c) certification level; (d) certification type and version. 
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Table 1 shows facility-level information for LEED hospitals in this study, along with LEED credits with direct and 
indirect influence on operational costs. LEED HC and LEED EB are similar to LEED NC in terms of credits shown 
in Table 1 since they all require the same levels of performance for a project to achieve the available points. Because 
performance levels (e.g., levels of energy efficiency and water consumption reduction) were used to compare LEED 
facilities in this study, all three certification types were considered. Cost values reported for three LEED hospitals 
(050668, 103304, and 370170) were identified as outliers, but they were included in the analysis because they provided 
valuable information regarding the performance of LEED facilities. Figure 2 summarizes the results and shows 
percentage differences between each LEED facility (Equation 1) and the median cost of its corresponding comparison 
group. Values in Figure 2 are color coded to visualize the performance of each facility as well as the overall trend 
within each facility over time.  
 
Table 1. List of LEED facilities and credits with direct and indirect influence on operational costs achieved by each site. 
ID 
Facility Information  Certification Information 
 
SS  EA  WE  IEQ 
(1) (2) (3)  (4) (5) (6) (7) (8)  (9) (10) (11) (12) (13)  (14) (15)  (16) (17) 
050668 Acute Care Governmental CA  Silver NC v2.1 2010 
 
0 1  0 30% 1 0 0  0 0  1 90% 
054133 Psychiatric Governmental CA  Gold NC v2.2 2010 0 2  0 17.5% 1 0 1  2 30%  0 75% 
060119 Acute Care Nonprofit CO  Gold NC v2.2 2009 1 0  0 14% 1 0 1  1 30%  1 90% 
100314 Acute Care Nonprofit FL  Gold NC v2.2 2011 1 1  0 10.5% 1 0 1  1 30%  1 0 
103304 Children’s Nonprofit FL  Gold NC v2.2 2013 1 2  0 21% 1 0 0  2 30%  1 0 
110044 Acute Care Governmental GA  Silver NC v2.2 2012 1 2  0 14% 1 0 0  1 30%  0 0 
141332 Critical Access Nonprofit IL  Gold NC v2.2 2011 1 2  0 14% 1 1 0  2 30%  0 0 
150167 Acute Care For-profit IN  Silver NC v2.2 2010 1 1  0 31.5% 0 0 0  0 30%  1 0 
171332 Critical Access Governmental KS  Platinum NC v2.2 2011 1 2  2 31.5% 0 1 1  2 30%  1 0 
210023 Acute Care Nonprofit MD Gold NC v2.2 2011 1 2  0 17.5% 0 0 0  2 30%  1 0 
223030 Rehabilitation For-profit MA Gold HC v2009 2014 1 1  2 26% 0 4* 1  1 30%†  NA 0 
223034 Rehabilitation Nonprofit MA Gold NC v2.2 2013 0 2  0 24.5% 1 1 1  1 30%  1 0 
230236 Acute Care Nonprofit MI  Certified NC v2.1 2008 0 2  0 35% 1 1 1  1 30%  1 0 
230302 Acute Care Nonprofit MI  Silver NC v2.1 2010 0 1  0 0 0 0 0  1 30%  1 0 
250167 Acute Care Nonprofit MS  Gold HC v2009 2014 1 1  0 34% 0 4* 0  0 0‡  NA 0 
300001 Acute Care Nonprofit NH  Certified NC v2.1 2009 0 1  0 0 1 0 0  1 20%  0 0 
360163 Acute Care Nonprofit OH  Certified EB v3 2010 1 2  0 5/15 0 0 0  1 20%  0 0 
360359 Acute Care Nonprofit OH  Silver NC v2009 2011 1 1  0 16% 2 3 0  2 0  0 0 
370170§ Acute Care For-profit OK  Silver NC v2.2 2007 - -  - - - - -  - -  - - 
380037 Acute Care Nonprofit OR  Gold NC v2.1 2006 0 1  0 20% 1 1 1  1 30%  0 0 
380103 Acute Care Nonprofit OR  Gold NC v2009 2013 1 2  0 22% 2 3 2  2 0  1 0 
390045 Acute Care Nonprofit NV  Gold NC v2009 2012 1 1 
 
0 24% 2 3 2  2 0  1 0 
390116 Acute Care Nonprofit PA  Gold NC v2.1 2009 0 1 0 40% 1 0 0  2 30%  0 0 
410010 Acute Care Nonprofit RI  Gold NC v2.2 2010 0 2 0 14% 1 0 0  2 30%  1 90% 
440184 Acute Care Nonprofit TN  Silver NC v2.2 2010 1 1 0 14% 1 0 0  1 30%  1 0 
450422 Acute Care For-profit TX  Silver NC v2009 2011 1 2 0 16% 2 0 0  2 30%  1 0 
453310 Children’s Nonprofit TX  Platinum NC v2.1 2009 0 2 0 60% 1 1 1  2 30%  0 75% 
490004 Acute Care Nonprofit VA  Gold NC v2.2 2010 0 1 3 38.5% 1 0 0  0 30%  1 0 
490053 Acute Care Nonprofit VA  Gold NC v2.2 2011 1 1 0 17.5% 1 0 0  1 30%  0 0 
501335 Critical Access Nonprofit WA Silver NC v2.2 2011 1 1 0 14% 0 0 0  1 30%  1 0 
520207 Acute Care Nonprofit WI  Silver NC v2.2 2011 1 1 0 17.5% 0 1 0  2 30%  0 0 
670079 Acute Care For-profit TX  Silver NC v2.2 2014 1 2 0 24.5% 0 0 0  1 20%  0 0 
Columns headings are as follows: (1) Facility Type; (2) Facility Ownership/Control; (3) Location; (4) Certification Level; (5) Certification Type 
and Version; (6) Year Certification Achieved;  (7) Protect or Restore Open Space; (8) Heat Island Effect; (9) On-Site Renewable Energy; (10) 
Energy Efficiency; (11) Advanced Commissioning; (12) Measurement and Verification; (13) Green Power; (14) Indoor Water Consumption; 
(15) Landscaping Water Consumption; (16)  Increased Ventilation; (17) Daylight and View. 
* This facility achieved 2 points for measurement and verification under the EA category and 2 points under water use reduction. 
† This facility achieved 1 point for water use reduction (30%) and 1 point for water use reduction—food waste systems. 
‡ This facility achieved 1 point for water use reduction—food waste systems. 
§ No credit-level data were available for this facility. 
 
 
























Fig. 2. Percentage differences between operation and maintenance costs of each LEED facility and the median cost of comparison groups (Note: 
negative values indicate better than average performance).  
5. Discussion 
A total of 116 comparisons were possible for 32 facilities, and an LEED facility had a lower median cost than its 
comparison group on only 39 occasions (33%). This does not support the hypothesis regarding improved performance 
of LEED facilities. Considering longitudinal trends within each facility (Figure 2), the authors categorized them into 
the following five groups, as shown in Figure 3: 
- Category I—high performers: Facilities that always had below-median costs of their comparison groups. 
- Category II—low-to-high performers: Facilities that initially had above-median costs but exhibited a decreasing 
trend and moved to below the median level.  
- Category III—improving low performers: Facilities with above-median costs, but an overall decreasing trend. 
- Category IV—high-to-low performers: Facilities that initially had below-median costs but showed an increasing 
trend and moved to above the median level. 
- Category V—declining low performers: Facilities that always had above-median costs with an increasing trend.  
Twelve of the 32 facilities (37.5% of the study sample) in Categories I and II showed improved performance when 
compared to non-LEED projects of similar type, ownership, and location and supported the hypothesis of this study. 
Furthermore, although the nine facilities of Category III had above-median costs, they exhibited a decreasing trend 
and partially supported the hypothesis of this study. Nevertheless, the 11 LEED facilities of Categories IV and V did 
not support the study hypothesis. In other words, similar to findings reported in previous non-healthcare studies [13, 
19], there was still a high variability in the operation and maintenance costs of green healthcare facilities, and there 
Facility ID 2006 2007 2008 2009 2010 2011 2012 2013 2014
050668
054133 -45% -39% -42% -67%
060119 93% 7% 12% 24% -19%
100314 81% 71% 41%
103304
110044 81% 45%
141332 -12% -15% 3%
150167 115% 68% -30% -41% -25%
171332 171% 92% 97%
210023 -24% -24% -26%
223030 -41%
223034 -17% 4%
230236 99% 98% 111% 102% 75%
230302 39% 88% 71% 66% 40%
250167 110%
300001 11% 8% 6% 8% -6% -16%
360163 9% 8% 4% 2%
360359 80% 27% 9% -12%
370170
380037 106% 101% 67% 65% 31% 22% 12% 1% 3%
380103 52% 57%
390045 35% 49%
390116 -21% -8% -4% 3% 76%
410010 -19% -16% -17% -20% -36%
440184 45% 19% -9% 4%
450422 116% 152% 157% 165%
453310 -29% -62% -54% -15% -19%
490004 57% 37% 36% 60% 70%
490053 -35% -41% -43%
501335 18% 30% 3%
520207 8% -21% -19% -35%
670079 157%
Highest Value0%Lowest value 
1444%1440%
3840% 4710% 6100% 13020%
1410% 340%
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were low-cost and high-cost green hospitals, just as there are low-cost and high-cost non-green hospitals. In summary, 













Fig. 3. LEED facilities categorized according to their costs relative to their comparison groups and the longitudinal trends within each facility. 
(Note: In Category II, although facility 440184 showed an increase in 2013, the cost was only 4% higher than the median, and the overall trend 
was decreasing. In Category III, facility 360163 had the smallest difference from the median cost of its comparison group, and facility 380037 
showed a near-zero difference from the median in the years 2013 and 2014. In Category IV, despite this increasing trend, the last values for facilities 
141332 and 223034 were only 3% and 4.1% higher than the median cost, respectively. The three outliers are include in Category V.)    
When the relationship between credits achieved and performance was considered, there was no meaningful 
correlation. More specifically, although (as expected) facility 453310 with Platinum certification and high energy and 
WE credits was in Category I, facilities 171332 (LEED Platinum) and 490004 (LEED Gold)—with high energy and 
WE levels, and other credits that can potentially reduce operation and maintenance costs—were in Category V with 
above-median costs and an increasing trend. Conversely, facilities 300001 (LEED Certified) and 230302 (LEED 
Silver), with the lowest number of credits achieved, although expected to be in Category V, instead measured much 
better; facility 300001, with zero credit for energy efficiency, two credits for indoor and outdoor water use reductions, 
and no measurement and verification, was in Category II, and facility 230302, with zero credit for energy efficiency, 
no enhanced commissions, and no measurement and verification, was in Category III.  
In other words, similar to findings of previous non-healthcare studies that reported a lack of correlation between 
nominal ratings achieved for LEED credits and actual performance of LEED buildings [15, 18, 22], this study 
demonstrated no tangible relationship between certification level and credits achieved and actual operation and 
maintenance of LEED facilities. In summary, this study failed to provide any evidence that achieving more credits 
lowers the operation and maintenance costs of healthcare facilities. 
This study is one of few efforts to use data from a national database to perform a longitudinal comparison of LEED 
versus non-LEED facilities. Moreover, unlike previous studies, this study included a wide range of operation and 
maintenance costs, in addition to the energy performance of buildings (heating, ventilating, and air conditioning) 
commonly investigated in previous studies, to provide a more comprehensive comparison of costs in LEED versus 
non-LEED facilities. A few items included in the plant operation and maintenance costs in the HCRIS database, such 
as snow removal and routine painting, might not be impacted by LEED certification and might cause small variations 
in cost comparisons; however, such cost items comprise only a small portion of the operation and maintenance costs 
included in the analysis [23] and are not expected to invalidate the study findings.  
6. Conclusions 
In this study, the authors used cost report data from the CMS and developed a benchmarking tool that performs a 
longitudinal comparison of facility operation and maintenance costs with facilities of similar type, ownership, and 
location. This tool will help senior healthcare managers and facility design and operation professionals assess the 
adequacy and effectiveness of facility management practices for using the increasingly scarce capital dollars for 
healthcare facilities. The authors used the tool and compared the operation and maintenance cost of a sample of 32 
LEED-certified facilities with non-LEED facilities of similar type, ownership, and location. The comparison included 
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longitudinal data from the year certification was achieved by each facility up to the year 2014. The analysis showed 
that there is still a high variability in the operation and maintenance costs of green healthcare facilities, and there are 
low-cost and high-cost green hospitals just as there are low-cost and high-cost non-green hospital buildings. In other 
words, this study failed to provide any evidence that LEED certiﬁcation lowers operation and maintenance costs below 
the costs of their regional non-LEED peers. As for the relationship between LEED credits achieved and actual 
performance, this study failed to provide any evidence that achieving more credits lowers operation and maintenance 
costs of healthcare facilities. 
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